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(54) Sensor system and connector used therefor 

(57) A sensor system includes a plurality of sensor 
bodies (1) arranged aligned and adjacent to each other, 
each of said sensor bodies being connected to an elec- 
tric cord (8, 9) including at least a signal line via a con- 
nector (2, 3). Each connector (2, 3) has a power feed 
terminal, and a detachable fitting for electrically con- 
necting the power feed terminals of the connectors is 
provided between the connectors. The power supplied 
to the connector (2, 3) of any of the sensor body (1) 
through the power feed fine in the electric cord (8, 9) is 
distributed to the power feed terminal of another sensor 
body (1 ) through a row of connectors. By this configura- 
tion, the number of power feed lines for the overall sys- 
tem can be significantly reduced, and common bodies 
not distinguished for the main and sub bodies can be 
used as the sensor bodies (1), whereby the cost can be 
reduced and Inventory management can be facilitated. 
Further, when any of the sensor bodies fails, It is possi- 
ble to simply exchange the failed sensor body (1) only, 
while maintaining the use of the electric cord that has 
been used. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a sensor 
system In which a plurality of sensor bodies of a number 
of head separation type sensors (for example, fiber type 
photoelectric sensors, ultrasonic sensors, proximity io 
sensors end the like) are arranged aligned with each 
ther by means of a DIN (Deutsche Institute Norme- 
nausschuss) rail or the like. 

Description of the Background Art is 

[0002] In the technical field of FA (Factory Automa- 
tion), for example, head separation type sensors (for 
example, fiber type photoelectric sensors, ultrasonic 
sensors, proximity sensors and the like) are widely used 20 
to detect presence/absence and positions of objects. 
When a fiber type photoelectnc sensor is used, for. 
example, a sensor head for emitting and receiving a 
detection beam (red light beam, infrared ray or the like) 
Is placed in a narrow space near an object of detection, 25 
while a sensor body containing a fight emitting element 
and a light receiving element is accommodated In a 
control panel placed away from the object of detection, 
with the sensor head and a sensor body coupled by an 
optical fiber. Generally, the outer shape of the sensor so 
body casing is a thin rectangular cube. When a number 
of sensor bodies are to be accommodated in the control 
panel, the bodies are typically arranged in contact with 
each other to form a row, using the DIN rail. 
[0003] Fig. 1 7 schematically shows an example of a as 
sensor system in which sensor bodies of fiber type pho- 
toelectric sensors (hereinafter simply referred to as 
"sensor bodies") are arranged in contact with each 
other to form a row. As can be seen from the figure, on 
a DIN rail 401 mounted In the control panel, a plurality of 40 
sensor bodies 402 1f 4022, 4023, ... 402„ for detecting 
different objects are arranged In a row in the transverse 
direction. From a front surface of each of the sensor 
bodies 402 1t 402 2> 4623, ... 402„, optical fibers 403 and 
404 constituting outgoing and returning paths for the 45 
detection beam, respectively, are drawn out, and from 
the rear end surface of the case, an electric cord 405 
including a power feed fine 405a and a signal line 405b 
(see Rg. 18) is drawn out 

[0004] When a detection beam path 403 is opened so 
for transmission or intercepted between sensor head 
portions 403a and 404a at the tip ends of optical fibers 
403 and 404, internal circuitry of the sensor body func- 
tions, and a detection signal (a switching signal or an 
analog signal corresponding to the amount of received ss 
fight) is externally output through the signal line 405b In 
the electric cord 405. The detection signal is supplied as 
a control Input, to a programmable logic controller (PLC) 



407, as shown in Fig. 1 8. 

[0005] Further, as shown in Fig. 18, power supply 
from a power source 406 to each of the sensor bodies 
402^ 4022, 4023. ~ 402n is effected through the power 
feed fine 405a. Power feed fine 405a includes two, that 
is, positive and negative, fines, 

[0006] In this manner, in the conventional photoe- 
lectric sensor systems In which a number of sensor bod- 
ies 402-j, 402 2 , 4023, ... 402 n are arranged aligned with 
each other and In contact with each other, It is neces- 
sary to supply power to each of the photoelectric sensor 
bodies 402^ , 4022, 402^ ... 402,, through power feed 
line 405a in the electric cord. Therefore, for the electric 
cord, a cord having a large number of core lines is neo 
essar, and, in addition, it takes time and labor just to 
connect these Ones. 

[0007] A structure saving Ones in this type of photo- 
electric sensor system has been known, as descrfoed In 
Japanese Patent Laying-Open No. 9-64712. According 
to the technique described in this Laid-Open Applica- 
tion, the sensor system Includes one main sensor 
(body) and a plurality of sub sensors (bodies) arranged 
In a row and in contact with the main sensor and with 
each other. An electric cord including both the signal 
line and the power feed fine is main sensor, and an elec- 
tric cord including the signal line only is connected to 
each sub sensor, by joining means that will fix the posi- 
tion such as solder. On the side surfaces of the cases of 
the main and sub sensors, there are a male junction and 
female junction to provide interface between neighbor- 
ing sensors. When the main sensor is connected to a 
sub sensor and the neighboring sub sensors are con- 
nected to each other by connected to the these Joints, 
the power supplied to the main sensor through the elec- 
tric cord is successively passed through a conductor in 
each sensor case, to the series of sub sensors. 
[0008] In the sensor system described In Japanese 
Patent Laying-Open No. 9-64712, feeding and receiving 
of power through the conductors in the sensor cases 
through the male and female joints connecting the 
neighboring sensor bodies with each other is possble, 
whereby the reduction of fines can be achieved, as 
power supply to individual sub sensor through the elec- 
tric cord is made unnecessary. 
[0009] In such a sensor system, however, two differ- 
ent sensor bodies, that is, one having such a structure 
that receives external power through the electric cord, 
and one having such a structure that receives power 
through the male and female joints from the neighboring 
sensor body are necessary. This means that the 
number of parts and the steps of parts management 
increase, resulting In Increased cost Further, inventory 
management of the sensor bodies is troublesome, as 
there are two different types of the sensor bodies. 
[0010] Further, when trouble occurs In any of the 
sensors (main or sub), it becomes necessary to change 
the electric cord connected to the defective sensor at 
the same time. This requires time consuming and trou- 
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biesome work of disconnecting th bundle of lectric 
cords and newly connecting substitute electric cords, 
and material waste increases. 

SUMMARY OF THE INVENTION 



[0011] An object of the present invention Is to pro- 
vide a sensor system which can significantly reduce the 
number of power feed lines in the overall system, which 
enables a decrease in costs and simplified inventory io 
management by adopting sensor bodies of common 
structure not distinguished for the main or sub sensor, 
and, in case any malfunction occurs In any of the sensor 
bodies, enables exchange of the defective sensor body 
only, while the electric cords that have been used so far 15 
can be maintained. 

[0012] Another object of the present invention is to 
provide a connector system which can flexibly cope with 
increase/decrease of the number of sensors arranged, 
when a plurality of sensor bodies are to be arranged in 20 
a row, and which can maintain minimum number of 
power feed lines regardless of the number of sensors to 
be arranged. 

[001 3] A further object of the present invention is to 
provide a main connector suitable for implementing the 2s 
above described power feed connector system. 
[0014] A still further object of the present invention 
is to provide a sub connector suitable for Implementing 
the above described power feed connector system. 
[0015] The above described objects can be m 
attained by the sensor system in accordance with the 
present invention, including a plurality of sensor bodies 
arranged aligned and adjacent to each other, and a plu- 
rality of connectors detachabfy coupled to the sensor 
bodies and detachably coupled to neighboring connec- as 
tors. 

[0016] Here, "sensor" Includes head separation 
type sensors such as a fiber type photoelectric sensor, 
an ultrasonic sensor, a proximity sensor and the like. 
Generally, the sensor system of this type consists of the 40 
sensors of the same type. The present invention, how- 
ever, is also applicable to a sensor system in which var- 
ious' sensors mentioned above are used mixed with 
each other. 

[001 7] The sensor body is provided with a Joint for 45 
the connector enabling detachable coupling with the 
corresponding connector, and the connector is provided 
with a joint for the sensor body enabling detachable 
coupling with the corresponding sensor body. 
[0018] The "Joint for the connector" on the sensor so 
body Includes at least a power receiving terminal for 
receiving, from the connector, the power to be fed to the 
internal electric circuitry. Here, "at least" means that 
there may possibly be one, two or more signal terminals 
in addition to the power receiving terminal. » 
[0019] The "joint for the sensor body" on the con- 
nector Includes at least a power feed terminal for feed- 
ing power to th internal electric circuitry of the sensor 



body. Here again, "at least" is used t include possible 
additional terminate. 

(0020] Th sensor body and a connector are 
detachably coupled through th Joints of each oth r. 
When the sensor body and a connector are coupled, the 
power receiving terminal of the joint for the connector is 
electrically connected to the power feed terminal of the 
Joint for the sensor body. Thus, a power feed path from 
the connector to the sensor body Is established. 
[0021] Preferably, the direction of attach- 
ment/detachment when a sensor body and a connector 
are coupled Is orthogonal to the direction of coupling 
between the sensor bodies with each other. This 
arrangement facilitates attachment/detachment 
between the sensor body and a connector, without the 
necessity of providing a large space between the sen- 
sors. Further, it may be preferred if a specific sensor 
body Is detachable, while the coupled state of the con- 
nector is maintained. 

[0022] Here, "a plurality of connectors" includes at 
least one main connector and one or two or more sub 
connectors. In other words, there may be two or more 
main connectors. 

[0023] The main and sub connectors are provided 
with a joint for neighboring connector, enabling detach- 
able coupling with the neighboring connectors. 
rp024] The "joint for the neighboring connector of 
the main connector Includes at least a power feed termi- 
nal for supplying the power introduced from the power 
supply fine to a neighboring connector. 
[0025] The "joint for the neighboring connector" of 
the sub connector includes a joint for the neighboring 
connector including at least a power receiving terminal 
for receiving power from one neighboring connector, 
and a Joint for the neighboring connector Including at 
least a power feed terminal for feeding the power 
received by the power receiving terminal to another 
neighboring connector. 

[0026] The neighboring connectors are detachably 
coupled through the Joints for the reciprocal neighboring 
connectors. At this time, the power feed terminal pro- 
vided in the Joint for the neighboring connector of one 
connector is electrically connected to the power reced- 
ing terminal provided in the joint for the neighboring 
connector of the other connector. Thus, a power feeding 
and receiving path from one connector to the other con- 
nector is established. 

[0027] More specifically, the main connector and a 
sub connector are detachably coupled through the joint 
for the neighboring connector of the main connector and 
the Joint for the neighboring connector of the sub con- 
nector. At this time, the power feed terminal of the main 
connector is electrically connected to the power receiv- 
ing terminal of the sub connector. Thus, a power feeding 
and receiving path from the main connector to the sub 
connector is established. 

[0028] The sub connector coupled to the main con- 
nector and another sub connector adjacent to this sub 
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connector are detachabry coupled through the joints for 
the neighboring connectors of themselves, and at this 
time, the power feed terminal of that sub connector 
which Is next to the main connector Is electrically con- 
nected to the power receiving terminal of that sub con- 5 
nector which Is next to the sub connector. 
[0029] By successively coupling one or a plurality of 
sub connectors to at least one main connector, a row of 
connectors is formed, and a series of power feeding and 
receiving path starting from the main connector is w 
established. 

[0030] Preferably; the Joint for the neighboring con- 
nector of the main connector is provided on the side sur- 
face only on which a neighboring connector exists, and 
not on the other side surface. Therefore, when the main 15 
connector is arranged at an end of a row of sensors, the 
power feed terminal is not exposed at the side where 
the neighboring connector does not exist Therefore, the 
risk of an electrical short-circuit or receiving an electric 
shock by accidentally touching the power feed terminal 20 
can be avoided. 

[0031] Each Joint for the neighboring connector of 
the main and sub connectors has a connecting struc- 
ture for establishing mechanical and electrical connec- 
tions with the neighboring connector. Here, the power 2s 
receiving terminal and the power feed terminal of each 
joint for the neighboring connector are included in the 
connecting structure for establishing the electrical con- 
nection. 

[0032] Preferably, the connecting structure of the 30 
joint for the neighboring connector including a power 
receiving terminal of the sub connector preferably has a 
projecting portion protruding to a connector neighboring 
the Joint The connecting structure of the Joint for the 
neighboring connector of the main connector and of the as 
joint for the neighboring connector of the sub connector 
including the power feed terminal has a recessed por- 
tion receiving the projecting portion of the connector 
neighboring the Joint, and the connecting structure does 
not have the projecting portion protruding toward the 40 
neighboring connector, in such a structure, the connect- 
ing structure of connector does not protrude from either 
end of the row of sensors. As there is no projection on 
ither end of the row of sensors, It becomes possible to 
arrange other device not requiring power connection by 45 
the connector in tight contact with the row of sensors. 
Further, the situation where an operator's clothes or the 
like are accidentally caught on the projection or some- 
thing hitting the projection can be avoided. 
[0033] The main connector is connected to an elec- so 
trie cord including at least a power feed line, and the 
main connector includes an internal conductor for lead- 
ing the power supplied from the electric cord to the 
power feed terminal provided at the joint for the sensor 
body and to the power feed terminal provided at the joint ss 
for the neighboring connector, Inside the main connec- 
tor. 

[0034] More specifically, in the main connector, the 



power introduced from th electric cord is supplied 
through the internal conductor to the power feed termi- 
nals f the joint for the sensor body and a Joint for the 
neighboring connector and further, the power is passed 
to the sensor body and to the power receiving terminal 
of the neighboring sub connector, from the power feed 
terminals. 

[0035] Further, the sub connector includes an Inter- 
nal conductor for leading the power received through 
the power receiving terminal provided at one Joint for the 
neighboring connector to the power feed terminal pro- 
vided at the joint for the sensor body and to the power 
feed terminal provided at the other Joint for the neighbor- 
ing connector, within the sub connector. 
[0036] More specifically, in the sub connector, the 
power received by the power receiving terminal is sup- 
plied through the internal conductor to the power feed 
terminal provided at the Joint for the sensor body and to 
the power feed terminal provided at the joint for the 
neighboring connector, and further, from these power 
feed terminals to the neighboring connector and the 
power receiving terminal of the sensor body. 
[0037] In this manner, by coupling an arbitrary 
number of sub connectors to the main connector, H 
becomes possfole to feed the power fed to the main 
connector through the electric cord to each sensor body 
through the row of connectors. 

[0038] The sensor system of the present invention 
provides a power feed Tine by means of a connector sys- 
tem including a main connector to which an electric cord 
including at least a power feed fine is connected, and 
one or a plurality of sub connectors electrically con- 
nected to the main connector. Therefore, simply by cou- 
pling the main connector and the sub connector to the 
sensor bodies and by coupling neighboring connectors 
with each other, the power can be supplied to each sen- 
sor body. Therefore, the power feed One have only to be 
connected to the main connector, and hence the power 
feed line is unnecessary for the sub connectors. There- 
fore, the number of lines for the overall system can be 
reduced. 

[0039] Further, as the connector and a sensor body 
can be detach ably coupled, it is possfole, when any 
trouble occurs in the sensor body, to detach the sensor 
body from the corresponding connector, and to solve 
the problem simply by exchanging the sensor body. 
More specifically, re-connection of electric cords and a 
control equipment such as the PLC and associated 
works of binding of the lines when the sensor body is 
exchanged In the conventional system, can be avoided. 
[0040] Further, if it Is made possible to draw out the 
sensor body from the connector while maintaining cou- 
pling of adjacent connectors with each other, even when 
the aligned arrangement of the sensor bodies in the 
system is disconnected because of a failure of any sen- 
sor body, for example, power feed to the sensor bodies 
succeeding the defective portion Is continued. . 
[0041] The connector system of the present inven- 
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tion is also applicable for power connection b tween 
sensors of th same type but of (Efferent specifications, 
as In the case of photoelectric s nsors in accordance 
with differ nt specifications, as well as to power connec- 
tions of sensors of different types, as in the case of a 
photoelectric sensor and a proximity sensor In such a 
case, what is necessary in designing the sensor body is 
simply to consider the position of the connector, so as to 
enable connection between neighboring connectors 
with each other. 

[0042] When the connector system of the present 
invention Is applied, limitations in the design of the sen- 
sor body as expected when the structure for electrical 
connection with an adjacent sensor body is to be pro- 
vided on the sensor body itself, can be eliminated 
[0043] The sensor body designed corresponding to 
the connector system of the present invention may be 
used connected to the main connector and not electri- 
cally connected to other sensors. In such a case, the 
sensor may be used as a sensor having similar function 
and appearance to the conventional sensor to which the 
electric cord is detachabty attached. 
[0044] The sensor body designed corresponding to 
the connector system of the present invention may be 
used connected to the connector of the conventional 
structure not having the connecting structure with the 
neighboring connector. In this case, the electrical con- 
necting structure to the neighboring sensor unneces- 
sary In such use, Is absent 

[0045] As descnbed above, as the electrical con- 
necting structure is provided In the connector, the user 
of the sensor can flexibly select an optimal system 
dependent on the Intended use, using the sensor body 
standardized to be used with the connector system of 
the present Invention. 

[0046] In a preferred embodiment of the present 
invention, in addition to the power feed line, one or two 
or more signal lines are Included in the electric cord 
introduced to the main connector, and corresponding 
number of signal terminals are provided at the Joint for 
the sensor body of the main connector. Further, the 
main connector includes therein an Internal conductor 
connecting respective ones of the signal lines of the 
electric cord to the corresponding signal terminals on 
the side of the Joint for the sensor body, respectively. 
[0047] Further, an electric cord including one or two 
or more signal Rnes b introduced to the sub connector, 
and the corresponding number of signal terminals are 
provided at the joint for the sensor body of the sub con- 
nector. Further, the sub connector Includes therein an 
internal conductor coupling the signal lines of the elec- 
tric cord with the corresponding signal terminals at the 
side of the junction for the sensor bodies, respectively. 
[0048] Therefore, each connector provides, In addi- 
tion to the power feed function for the sensor body, the 
function of connecting the signal terminate in the sensor 
body with the signal terminals in the electric cord. 
[0049] More specifically, it becomes possible to 



feed power to the sensor body and t transmit/receive a 
signal between the sensor body and a control device 
such as a PLC, through th connector. 
[0050] Further, in this cas als , th connector and 

5 a sensor body Is detachabty coupled. Therefore, when 
there is a trouble In the sensor body, it is possible to 
detach the corresponding sensor body from the corre- 
sponding connector, and to exchange the sensor body 
only, and the trouble is eliminated. More specifically, re- 

70 connection between the electric cords and a control 
device and the like and associated binding when the 
sensor body is exchanged in the conventional system, 
can be avoided. 

[0051] Further, in a sensor system in which 

15 exchange of signals between adjacent sensor bodies is 
possible, drawing out the electric cord for signal output 
from each sensor becomes unnecessary. In that case, 
the sub connector will be simply a connector used for 
power feed only. 

20 [0052] As described above, according to the 
present invention, the power feed line is unnecessary 
for the connectors other than the main connector. 
Therefore, the number of power feed lines can signifi- 
cantly be reduced for the overall system. Further, as the 

25 sensor bodies of common structure same for the main 
and sub sensors are employed, the cost can be reduced 
and the Inventory management is made easier. Further, 
if a failure occurs In any of the sensor bodies, it Is possi- 
ble to simply exchange the defective sensor body only, 

30 while maintaining the electric cords used up to that time 
point 

[0053] Further, according to the present invention, 
when a plurality of sensor bodies are arranged in a row 
and in contact with each other, the number of sensors to 

35 be arranged can be flexibly changed, and the minimum 
number of power feed lines can be maintained regard- 
less of the number of sensors to be arranged. 
[0054] The foregoing and other objects, features, 
aspects and advantages of the present invention will 

40 become more apparent from the following detailed 
description of the present invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0055] 

Fig. 1 is a perspective view showing an appearance 
of the overall sensor system in accordance with an 

so embodiment of the present Invention. 

Fig. 2A is a side view of the sensor body to which a 
sub connector of the sensor system shown in Rg. 1 
is connected, and Fig. 2B shows a side view of the 
sensor body to which a main connector is con- 

55 nected. 

Fig. 3 is a perspective view showing the connectors 
of the sensor system shown in Fig. 1 separated 
from the sensor bodies. 
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Fig. 4A fe a side view f the sensor body with th 
sub connector separated, corresponding to Fig. 2A, 
and Fig. 48 Is a side view showing the sensor body 
with the main connector separated, corresponding 
to Fig. 2B. 5 
Figs. 5A and 5B are perspective views of the 
appearance of the sub connector of the sensor sys- 
tem shown In Fig. 1, viewed from two different 
directions. 

Fig. 6 shows the sub connector of Figs. 5A and 5B 10 
viewed from the side of the sensor body. 
Fig. 7 is an exploded perspective view of the sub 
connector shown in Figs. 5A and 5B viewed from 
behind one side. 

Rg. 8 is an exploded perspective view of the sub is 
connector shown in Figs. 5A and 5B viewed from 
behind the opposing side from Fig. 7. 
Figs. 9A and 9B are enlarged perspective views 
showing the appearance of the distributor used for 
the sub connector of the sensor system shown in 20 
Fig. 1, viewed from two cfifferent directions. 
Figs. 10A and 10B are perspective views showing 
the appearance of the main connector of the sensor 
system shown in Rg. 1, viewed from two different 
directions. 2s 
Rg. 1 1 shows the main connector of Rgs. 1 0A and 
1 0B viewed from the side of the sensor body. 
Rg. 12 is an exploded perspective view of the main 
connector shown in Figs. 10A and 10B. 
Rgs. 13A and 13B are enlarged perspective views so 
of the appearance of the distrfoutor used for the 
main connector of the sensor system shown in Rg. 
1 , viewed from two different directions. 
Rg. 14 is a circuit diagram schematically showing 
the feeding and receiving of power to the sensor as 
bodies and transmission and reception of signals 
from the sensor bodies to the signal lines, when the 
sensor bodies and main and sub connectors are 
coupled in the sensor system shown in Rg. 1 . 
Rg. 15 is an illustration representing the function of 40 
the sensor system shown In Fig. 1. 
Rg. 16 is a perspective view showing another 
example of the row of connectors of the sensor sys- 
tem In accordance with the present Invention. 
Fig. 17 Is a perspective view schematically showing 45 
the overall conventional sensor system. 
Rg. 18 is an illustration representing the method of 
power feeding in the conventional sensor system. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



50 



[0056] Ernboolments of the sensor system in 
accordance with the present invention and the connec- 
tors used therefor will be described in detail with refer- ss 
ence to the appended drawings. 
[0057] Rg. 1 fe a perspective view showing the 
overall appearance of the sensor system in accordance 



with th present invention, Fig. 2 includes side views of 
th sensor body and the connector when coupled, Rg. 

3 is a perspective view showing the appearance of the 
sensor bodies separated from th connectors, and Rg. 

4 includes side views of the sensor body and the con- 
nector separated from each other. 

[0058] As can be seen from Fig. 1 , the sensor sys- 
tem in accordance with the present emboolment is 
mnplemented as a sensor system including a plurality of 
fiber type photoelectric sensors, 
[0059] The sensor system includes a plurality of 
sensor bodies 1 (1b, 1a-, to 1an) arranged aligned and 
in contact with each other, and a plurality of connectors 
(one main connector 3 and a plurality of sub connectors 
2 1 to 2n) that are detachabfy coupled to the sensor bod- 
ies 1 and detachabiy coupled to neighboring connectors 
with each other. 

[0060] Sensor bodes 1 are arranged in tight con- 
tact with each other on a DIN rail 4, In this example. To 
that sensor body 1 b which Is arranged at an end portion 
of the system (left end of the figure when viewed from 
the front), a main connector 3 is connected. A plurality 
of sensor bodies 1a 1 to 1an arranged aligned and in 
contact with each other to form a row following the right 
side of the sensor body 1b are connected to sub con- 
nectors 2 1 to 2n. 

[0061] Rg. 2A shows the sensor body 1a con- 
nected with sub connector 2, and Rg. 2B shows the 
sensor body 1 b connected with main connector 3. As is 
apparent from these figures, in the present embodi- 
ment, the sensor bodies 1a and 1b to which the sub 
connector 2 and the main connector 3 are connected 
are of the same specification. More specifically, different 
from the conventional sensor system having the line 
saving structure, it is unnecessary to prepare the sensor 
bodies of two different structures as the main sensor fed 
from an electric cord and a sub sensor fed from the 
neighboring sensor. 

[0062] In this example, the sensor body 1 has a flat, 
approximately rectangular sensor case 10. On oppos- 
ing side surfaces of sensor case 1 0, a pair of Tight emit- 
ting and receiving windows 11a and 11b for optical 
communication are provided. Between neighboring 
sensors, infrared ray is emitted/received through the 
emitting and receiving windows 11a and 11b, enabling 
various settings and adjustment of the photoelectric 
sensors. 

[0063] In sensor case 10, a control panel, not 
shown, is attached. On the control panel, various cir- 
cuits such as a power supply circuit, a measurement 
control circuit, and a communication circuit within neigh- 
boring units, Bght emitting elements and light receiving 
elements for optical communication between neighbor- 
ing sensors and so on are mounted. Further, there Is a 
rail receiving portion 12 at the bottom surface of sensor 
case 10, for mounting sensor body 1 on the DIN rail 4. 
[0064] From a front surface 1 0a of sensor case 1 0, 
optical fibers 5a and 5b are drawn out, and tip ends of 
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optical fib rs 6a and 5b form s nsor head portions 6a 
and 6b as shown In Rg. 1. The photoelectric s nsor 
detects pres nce/absence and states and the like of an 
object 7, by emitting and receiving a red light beam 
through the sensor head portions 6a and 6b. 
[0065] On a rear surface 10b of sensor case 10, 
main connector 3 or sub connector 2 is connected. Fur- 
ther, an electric cord 9 Is drawn out from main connector 
3, and an electric cord 8 is drawn out from sub connec- 
tor 2, respectively. 

[0066] Fig. 3 and the side views of Figs. 4A and 4B 
show the sensor bodies 1 (1a, 1b) and connectors 2, 3 
separated from each other. Fig. 4A shows sensor body 
1a separated from sub connector 2, and Fig. 4B shows 
sensor body 1b separated from main connector 3, 
respectively. 

[0067] As shown in Figs. 3 and 4A and 4B, a joint 13 
for the connector is formed on the rear surface 10b of 
sensor body 1 (1 a, 1 b). By means of the joint 1 3 for the 
connector and a joint (shown by the reference character 
24 in Fig. 6) for the sensor body of the connector not 
shown in these figures, the sensor body 1 and each of 
the connectors 2 and 3 are detachably coupled. 
[0068] On the upper surfaces of connectors 2 and 
3, elastic projection pieces 204 and 304 having a 
stepped portion are provided, respectively. At a ceiling 
surface, not shown, of the Joint 1 3 for connector of sen- 
sor body 1, an engaging piece for engaging with the 
elastic projection pieces 204, 304 at the stepped portion 
is provided. This prevents disengagement of the con- 
nectors 2, 3 with the sensor body 1 , when the connector 
and the sensor body are connected. 
[0069] At the Joint 1 3 for the connector, four terminal 
pins 14a to 14d protrude from the Inside of sensor case 
1 0 toward the direction of connection between the sen- 
sor body 1 and a connector (along the lengthwise direc- 
tion). These four terminal pins 14a to 14d are arranged 
at a prescribed pitch Interval In the up/down direction, 
and used as a control output terminal pin (signal termi- 
nal pin) 1 4a, a power receiving terminal pin 1 4b, an ana- 
log output terminal pin (signal terminal pin) 14c and a 
power receiving terminal (ground side) pin 14d, in this 
order from the uppermost one. The terminal pins 14 are 
electrically connected to a circuit board, not shown, 
forming an Internal electric circuit within the sensor 
case, and therefore, power feed from connector 2 or 3 to 
sensor body 1 and signal output from the sensor body 1 
to the connector are possfcle through the terminal pins 
14ato14d. 

[0070] The structure of sub connector 2 will be 
descrfeed in detail with reference to Figs. 5 to 9. 
[0071] As shown in Figs. 5 to 8, sub connector 2 
has a connector housing 20 formed of an insulating 
body. As shown in Figs. 7 and 8, respectively, connector 
housing 20 Is formed divided Into two pieces, that Is, a 
front connector housing 20a having the Joint for the sen- 
sor body (represented by reference character 24 in Fig. 
6) and a rear connector housing 20b having an inlet for 



introducing the electric cord. 

[0072] A pair of daw-shaped projection pieces 
201a and 201b extending horizontally toward the front 
connector housing 20a protrude from upper and lower 

5 end portions of rear connector housing 20b. The claw- 
shaped projection pieces 201a and 201b are engaged 
with engaging projections 20a and 20b provided at 
upper and lower end portions of the front connector 
housing 20a, whereby disengagement or slipping of the 

io connector housings 20a and 20b, when the housings 
are coupled, is prevented. 

[0073] On the back surface of rear connector hous- 
ing 20b, an electric cord Inlet 203 is provided, and from 
an edge of electric cord Inlet 203, a pair of claw-shaped 

is projection pieces 203a and 203b for fixing a stopper ring 
21 from the inside are provided protruded rearward. 
Here, stopper ring 21 is provided for preventing slipping 
of electric cord 8 out from the connector housing 20. 
The stopper ring 21 is attached after the electric cord 8 

20 is inserted to electric cord inlet 203 of rear connector 
housing 20b, by engaging the claw-shaped projection 
pieces 203a and 203b with the stepped portions 210a 
and 210b provided on stopper ring 21. Accordingly, the 
electric cord 8 is pinched from above and from below by 

25 claw-shaped projection pieces 203a and 203b, whereby 
slipping out of electric cord 8 is prevented. 
[0074] As can be seen from the perspective view of 
Fig. 5A, front view of Fig. 6 and the exploded perspec- 
tive view of Fig. 8, there is provided a joint 22 for a 

30 neighboring connector for power reception, having a 
power receiving terminal (power receiving terminal por- 
tions 253b, 253d of internal conductor pieces 25b and 
25d for power feeding) for receiving power from the 
neighboring connector. The power receiving terminals 

35 (power receiving terminal portions 253b and 253d of 
internal conductor pieces 25b and 25d for power feed) 
will be descrfced in detail later. 

[0075] Joint 22 for the neighboring connector for 
power reception has, in adcfition to the power receiving 

40 terminal (power receiving terminal portions 253b, 
253d), a clip piece 221 and a columnar insertion piece 
222. Clip piece 221 includes a pair of elastic pieces 
each having a projection at the tip end provided parallel 
to each other In the up/down direction. The Insertion 

45 piece 222 is a columnar projection for preventing rattling 
when neighboring connectors are coupled to each 
other, and it is provided below dip piece 221 . 
[0076] As shown in the perspective view of Rg. 5B, 
front view of Rg. 6 and exploded perspective view of 

so Fig. 7, on the right side surface (the side surface which 
will be father from the main connector 3) of rear connec- 
tor housing 20b, there is provided a Joint 23 for the 
neighboring connector for power feed, including a 
power feed terminal (power feed terminal portions 254b 

55 and 254d for the neighboring connectors of internal 
conductor pieces 25b and 25d for power feed) for feed- 
ing and receiving power to and from the neighboring 
connectors. The power feed terminal (internal conduc- 
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tor pieces 25b and 25d for pow r feed and power feed 
terminal portions 254b and 254d) will be described in 
detail later. 

[0077] At the joint 23 for the n ighboring connector 
for power feed, there Is provided, in addition to the 5 
power feed terminal (power feed terminal portions 254b, 
254d of Internal conductor pieces 25b, 25d for power 
feed), an engaging hole 231 to be engaged with dtp 
piece 221 and a slot 232 to which the columnar inser- 
tion piece 222 is Inserted, arranged along the up/down io 
direction. The engaging hole 231 has stepped portions 
231a and 231b to receive and engage with the projec- 
tions at the tip ends of clip piece 221 , as shown in Fig. 6. 
[0078] Neighboring connectors are electrically and 
mechanically connected with each other by means of is 
the Joint 22 for the neighboring connector for power 
reception of one connector and the joint 23 for the 
neighboring connector for power feed of the other con- 
nector. More specifically, the Insertion piece 222 of one 
connector is inserted to the slot 232 of the other con- 20 
nector, and at the same time, the dip piece 221 of the 
one connector Is inserted to the engaging hole 231 of 
the other connector, for coupling with each other. At this 
time, as the dip piece 221 is engaged with the engaging 
hole 231, the coupling between the connectors is 25 
secured. 

[0079] More specifically, dtp piece 221 and inser- 
tion piece 222 are the projections as mechanical struc- 
tures for connection with the neighboring connector, 
and power reception terminal portions 253b and 253d so 
are projections as electric structures for connection with 
the neighboring connector. Further, the engaging hole 
231 and a slot 232 are the recessed portions as the 
mechanical structures for connection with the neighbor- 
ing connector, and slots 233 and 234 having power feed as 
terminal portions 254b and 254d therein, which will be 
described later, are recessed portions as electrical 
structures for connection with the neighboring connec- 
tor. 

[0080] As shown In Fig. 6, on a front surface of sub 40 
connector 2 (on the side of the sensor body), there is a 
joint 24 for the sensor body. The joint 24 for the sensor 
body has four slots 241 a to 241 d to which the four termi- 
nal pins 14a to 14d of sensor body 1 can be Inserted. 
[0081] Inside the slots 241a to 241 d, there are 4$ 
arranged power feed terminals (power feed terminal 
portions 251b and 251 d for the sensor body of internal 
conductor for power feed) for feecfing power from sub 
connector 2 to sensor body 1 , and signal terminals (sig- 
nal terminal portions 251a, 251c of Internal conductor so 
pieces 25a and 25c for the signals) for receiving signal 
data passed from the sensor body 1. The signal termi- 
nals (signal terminal portions 251a, 251c of internal 
conductor pieces 25a and 25c for the signals) will be 
described in detail later. 55 
[0082] When sensor body 1 and sub connector 2 
are connected, four terminal pins 1 4a to 1 4d of sensor 
body 1 are inserted to corresponding slots 241a to 



241d, respectively; enabling feeding of power from the 
sub connector 2 to the sensor body 1 and signal trans- 
mission from sensor body 1 to sub connector 2. 
[0083] As shown in Figs. 7 and 8, connector hous- 
ing 20 acccrnmodates a tfistributor 25 having independ- 
ent four conductor pieces 25a to 25d. 
[0084] At a joining surfaces of front connector hous- 
ing 20a and rear connector housing 20b, accommodat- 
ing recessed portions are provided, allowing mounting 
of these four conductor pieces 25a to 25d not in contact 
with each other. As the conductor pieces 25a to 25d are 
fitted in the accommodating recessed portions, the con- 
ductor pieces are positioned and fixed at appropriate 
intervals, within the connector housing 20. 
[0085] As is apparent from the enlarged perspec- 
tive view of Fig. 9, conductor pieces 25a to 25d have ter- 
minal portions (signal terminal portions 251 a, 251c and 
power feed terminal portions 251 b and 251 d for the sen- 
sor body) electrically connected to and corresponding 
to terminal pins 14a to 14d protruded from the sensor 
body 1 , respectively. The terminal portions 251 a to 251 d 
are made resilient to ensure secure contact with the ter- 
minal pins 14a to 14d of sensor body 1 within the slots 
241 a to 241 d. The terminal portions 251 are arranged at 
prescribed positions inside the slots 241 a to 241 d. 
[0086] The conductor pieces 25a to 25d have termi- 
nal portions 252a to 252d for line connection, for con- 
necting various electric fines to the conductor 25 by 
fixing means such as the solder. The uppermost con- 
ductor piece 25a and third conductor piece 25c from the 
top are signal conductor pieces for electrically connect- 
ing the signal lines 8a and 8b contained in electric cord 
8 to signal terminal pins 14a and 14c of sensor body 1 , 
respectively. 

[0087] Signal fine 8a is connected to the electrical 
connection terminal portion 252a of signal conductor 
piece 25a, and signal line 8b Is connected to line con- 
nection terminal portion 252c of signal conductor piece 
25c, respectively. 

[0088] The signal terminal pins 1 4a and 1 4c of sen- 
sor body 1 are inserted to terminal pin slots 241a and 
241c shown In Rg. a At this time, signal terminal por- 
tion 251 a of signal conductor piece 2Sa. and signal ter- 
minal portion 251c of signal conductor piece 25c are 
brought Into resilient contact with signal terminal pins 
14a and 14c to raise the pins from below, respectively, 
whereby the signal terminal pins 14a and 14c of the 
sensor body 1 are brought into contact with the signal 
terminal portions 251a and 251c of sub connector 2. 
[0089] More specifically, when sensor body 1 and 
sub connector 2 are connected, signal Dnes 8a and 8b 
contained In electric cord 8 are electrically connected to 
signal terminal pins 14a and 14c of the sensor body 1 
through signal conductor pieces 251a and 251c of sub 
connector 2, respectively. 

[0090] The second conductor piece 25b from the 
top and the lowermost (fourth) conductor piece 2Sd are 
power internal conductor pieces, for feeding the power 
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received from the neighboring connector on the left side 
(closer to the main connector In the present embodi- 
ment) to th neighboring connect r n the right side, 
and to feed the power to th sensorbodyl. 
[0091] Power conductor pieces 25b and 25d have s 
power receiving terminal portions 253b and 253d for 
receiving power from a neighboring connector on one 
side. As shown in Fig. 5A, receiving terminal portions 
253b and 253d are arranged with tip portions protruded 
outward from connector housing 20 toward the neigh- io 
boring connector, through slot 223 provided between 
clip piece 221 and Inserting piece 222 and through the 
slot 224 provided below inserting piece 222. of the Joint 
22 for the neighboring connector for power reception, 
respectively. t 15 

[0092] Further, power conductor pieces 25b and 
25d have power feed terminal portions 254b and 254d 
for the neighboring connector, for feeding power to the 
neighboring connector on the other side. Power feed 
terminal portions 254b and 254d are made resilient so so 
as to establish pressure contact with power receiving 
terminal portions 253b and 253d of the neighboring 
connector from above, when connected to the neighbor- 
ing connector. As shown in Fig. 5B, power feed terminal 
portions 254b and 254d are placed in a slot 233 pro- 25 
vided within engaging hole 231 and slot 232 and in slot 
234 provided below slot 232, of the Joint 23 for the 
neighboring connector for power feed, respectively. The 
line connecting terminal portions 252b and 252d of con- 
ductor pieces 25b and 25d are not used In the present so 
embodiment 

[0093] With such a structure, when connected to 
the neighboring connector on the left side (closer to the 
main connector), the power receiving terminal portions 
253b and 253d of sub connector 2 are in pressure con- 35 
tact from above with the power feed terminal portions 
254b and 254d of the neighboring connector in slots 
233 and 234 of the neighboring connector, and thus 
electrically connected with each other. 
[0094] In the similar manner, when coupled to the 40 
neighboring connector on the right side (farther from the 
main connector), the power feed terminal portions 254b 
and 254d press the power receiving terminal portions 
253b and 253d of the neighboring connector to be in 
contact with and electrically connected to each other. 45 
[0095] When sensor body 1 is coupled to sub con- 
nector 2, power receiving terminal pins 14b and 14d of 
sensor body 1 are inserted to terminal pin slots 241b 
and 241 d shown in Rg. 6, respectively. At this time, the 
resilient terminal portion 251b of power conductor piece so 
25b presses terminal pin 14b and resilient terminal por- 
tion 251 d of conductor piece 25d presses terminal pin 
14d, respectively from below, and are electrically con- 
nected to each other. 

[0096] More specifically, the power feed terminal 55 
portions 254b and 254d of the neighboring connector 
on the left side, the power receiving terminal pins 14b 
and 1 4d of sensor body 1 , and power receiving terminal 



portions 251b and 251d of th neighboring connector 
n th right side are electrically connected with each 
oth r, respectively. 

[0097] R ferring to Fig. 1 , for th sub connector 2n 
arranged on th right end of the sensor system when 
viewed from the front side of this figure, there is no 
neighboring sub connector on the right side. Here, the 
power Is passed from sub connector 2n only to the sen- 
sor body 1 . 

[0098] The structure of main connector 3 will be 
described with reference to Figs. 10 to 13. Fig. 10 
Includes perspective views showing the appearance of 
the main connector. Fig. 1 1 is a front view of the main 
connector, Rg. 12 is an exploded perspective view of 
the main connector, and Fig. 13 shows, in enlargement, 
a distributor used for the main connector. Rg. 10A 
shows one side surface of the main connector provided 
with the Joint for the neighboring connector for power 
feed, and Rg. 10B shows the other side surface of the 
main connector. m 
[0099] Main connector 3 is in many respect, similar 
to sub connector 2. Therefore, portions having the same 
structure as those of sub connector 2 will be repre- 
sented by the reference characters common in the 
tower one digit (when the reference character consists 
of two digits) or lower two digits (when the reference 
character consists of three digits) to those used in the 
description of the sub connector 2, and detailed 
descriptions will not be repeated. 

[0100] As shown in Rgs. 10A, 10B and 12, an elec- * 
trie cord 9 which is inserted to the rear connector hous- 
ing 30b of the main connector includes, in addition to 
signal fines 8a and 8b, power feed Tines 9a and 9b. 
[0101] As can be seen from Rg. 1 0A, on one side of 
front connector housing 30a, there is provided a Joint 33 
for the neighboring connector for power feed, as in the 
sub connector 2. More specifically, engaging hole 331 
and a slot 332 for receiving the clip piece 221 and the 
Inserting piece 222 of the neighboring sub connector 2 
are provided along the up/down direction, and between 
the engaging hole 331 and slot 332, there Is a slot 333 
to which the power receiving terminal portion 253b of 
the neighboring sub connector 2 is inserted, and below 
the slot 332, there Is the slot 334 to which the power 
receiving terminal portion 253d is inserted. More specif- 
IcaHy, the engaging hole 331 and slot 332 form recessed 
portions as mechanical structure for connection with the 
neighboring connector, and slots 333 and 334 having 
the power feed terminals provided therein form 
recessed portions as electrical structure for connection 
with the neighboring connector. 

[0102] By contrast, referring to Rg. 1 0B, there is no 
Joint for the neighboring connector on the other side sur- 
face of the front connector housing 30a. This is because 
the main connector 3 is coupled to the sensor body 1b 
that Is arranged on the left end of the sensor system, as 
shown In Rg. 1. 

[0103] More specifically, power is received by the 
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main connector not form the neighboring connect rbut 
from the power feed fines 9a and 9b contained in elec- 
tric cord 9. Therefore, as shown in Rgs. 13A and 13B, 
Internal conduct r pieces 35b and 35d for power feed of 
a distributor 35 used In main connector 3 are not pro- 5 
vtded with the power receiving terminals (corresponding 
to the power receiving terminal portions 253b and 253d 
of the sub connector) for receiving the power from the 
neighboring connector. In place thereof, power feed 
lines 9a and 9b are connected to tine connection termi- 
nal portions 352b and 352d of power receiving conduc- 
tor pieces 35b and 35d, and the power is passed from 
power feed Tines 9a and 9b to power feed conductor 
pieces 35b and 35d. Therefore, the power feed terminal 
portion Is not exposed on that side of the main connec- 
tor on which the neighboring connector does not exist 
(the side which will be the left side surface of the sensor 
system in Fig. 1), and therefore the risk of electrical 
short-circuit or receiving electrical shock by accidentally 
touching the power feed terminal portion can be 
avoided. 

[0104] The mechanical and electrical connecting 
structures for the neighboring connector provided on 
one side (closer to the main connector) of the sub con- 
nector have projected shapes, and the mechanical and 
electrical connecting structure with the neighboring con- 
nector provided on the other side (farther from the main 
connector) of the sub connector have recessed shapes 
to receive the protrusions. Further, the mechanical and 
electrical connecting structures provided only on the 
right side of the main connector also have the recessed 
shapes. Therefore, in the row of connectors formed by 
mutually connecting these connectors, the connecting 
structure of the sub connector positioned on the right 
end (represented by 2n in Fig. 1 ) does not have the pro- 
truded portion on the side where the neighboring con- 
nector does not exist 

[0105] More specifically, there 1s no projection on 
ither side of the row of connectors. Therefore, the row 
of sensors to which the connectors are connected can 
be placed in tight contact with other devices aligned on 
the DIN rail. 

[0106] If there is a projection protruding from an 
end of the row of sensors, it is possible that an opera- 
tor's clothes may be accidentally caught on the projec- 
tion, or something may possibly hit the protrusion. The 
present embodiment eliminates such a possibility. The 
joint for the neighboring connector on the side, on which 
the neighboring connector does not exist, of the sub 
connector arranged at the distal end of the row of sen- 
sors may be covered by applying a sticker, for example, 
so that the connecting structure is concealed. This may 
further enhance electrical safety. 
[0107] When main connector 3 and sensor body 1 
are coupled, power receiving terminal pins 14b and 14d 
of sensor body 1 are inserted to slots 341 b and 341 d for 
the power receiving terminal pins shown in Fig. 11, 
respectively At this time, power feed terminal portion 



351b for the sensor body of power internal conductor 
piece 35b presses power receiving terminal pin 14b 
from below, the power feed terminal portion 351 d for the 
sensor body of power conductor piece 35d presses 
power receiving terminal pin 14d from below, and these 
are electrically connected to each other. 
[0108] When main connector 3 and a neighboring 
sub connector 2 are coupled, power feed terminal por- 
tion 354b for the neighboring connector of power con- 
ductor piece 35b presses power receiving terminal 
portion 253b of the neighboring connector 2 from 
above, end power feed terminal portion 354d for the 
neighboring connector presses the power receiving ter- 
minal portion 253d of the neighboring connector from 
above, and these are electrically connected to each 
other. 

[0109] More specifically, when main connector 3 
and sensor body 1 are coupled, power lines 9a and 9b 
connected to main connector 3 are electrically con- 
nected to power receiving terminal pins 1 4b and 1 4d of 
the sensor body through power conductor pieces 35b 
and 35d of main connector 3, and when main connector 
3 and the neighboring sub connector 2 are coupled, the 
power lines 9a and 9b are electrically connected to 
power receiving terminal portions 253b and 253d of the 
neighboring sub connector 2, through power conductor 
pieces 35b and 35d of main connector 3. . 
[0110] By the above described structure, the 
present embodiment enables connection of one main 
connector 3 and a plurality of sub connectors 2 A to 2n 
with the corresponding sensor bodies 1 (1 b, 1 a t to 1an), 
and in addition, enables feeding of power supplied to 
the main connector 3 to each sensor body 1 , by forming 
a row of connectors by coupling the connectors with 
each other. 

[0111] Fig. 14 schematically shows the manner 
how the power is fed to the sensor body through the row 
of connectors and how the signals are passed from the 
sensor bodies to the signal lines 8a and 8b through the 
connectors in accordance with the present embodi- 
ment For convenience, only the main connector 3 and 
sub connectors 2 1 and 2 2 are shown as connectors, and 
only the sensor bodies 1 b and 1 a 1 and 1 82 connected to 
these connectors are shown as the sensor bodies 1. 
[01 12] As can be seen from the figure, a control out- 
put and an analog output transmitted from the sensor 
body 1 (1b, 1a 1t lag) to which the main connector 3 or 
the sub connector 2 (2 1p 2g) is connected are passed 
through internal conductor piece 35a, 35c, 25a or 25c 
for the signals of each connector and signal terminal 
pins 14a, 14c to signal lines 8a, 8b. Accordingly, signal 
transmission from the sensor body 1 (1b, 1a 1t laj to a 
control device such as a PLC, becomes possible. 
[0113] The power introduced from power fines 9a 
and 9b of main connector 3 Is passed to power receiv- 
ing terminal pins 14b and 14d of sensor body 1b to 
which main connector 3 is connected, through power 
internal conductor pieces 35b and 35d of main connec- 
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tor 3. Thus, the power Is supplied to the circuit board in 
s nsorbodylb. 

[0114] At the same time, the power introduced from 
power fines 9a and 9b of main connector 3 Is passed 
through power conductor pieces 35b and 35d of main 
connector 3 to power receiving terminal portions 253b 
and 253d of the neighboring sub connector 2 1a Further, 
the power received by the power receiving terminal por- 
tions 253b and 253d of the neighboring connector 2 n is 
passed through power internal conductor pieces 25b 
and 25d to power receiving terminal pins 1 4b and 1 4d of 
sensor body 1 a 1 . Thus, the power introduced from elec- 
tric cord 9 (power lines 9a, 9b) to main connector 3 Is 
supplied to the circuit board in sensor body 1a t . 
[0115] Further, the power received at power receiv- 
ing terminal portions 253b and 253d of sub connector 
2 1 is passed through the power internal conductor 
pieces 25b and 25d of sub connector 2 t to power 
receiving terminal portions 253b and 253d of the neigh- 
boring sub connector 22. The power received by the 
power receiving terminal portions 253b and 253d of the 
neighboring sub connector 2 2 is passed through power 
internal conductor pieces 25b and 25d of the sub con- 
nector 2 2 to power receiving terminal pins 14b arid 14d 
of sensor body 1 a 2 . Accordingly, the power introduced 
to main connector 3 is supplied to the circuit board of 
sensor body la^. 

[0116] In this manner, in the sensor system in 
accordance with the present embodiment, the power 
introduced to the main connector 3 is successively 
passed to the plurality of sub connectors 2 (21 ~ 2n) 
arranged in contact with each other to form a row follow- 
ing main connector 3, and further supplied to the circuit 
boards of the sensor bodies 1 (1b, 1 a! to 1 an) to which 
the connectors 2 and 3 are connected. More specifi- 
cally, by the connector system consisting of the main 
connector 3 and a plurality of sub connectors 2, a power 
supply line is implemented. 

[0117] The structure of the sensor system in 
accordance with the embodiment described above can 
be schematically represented as Fig. 15. More specifi- 
cally, the power supplied to main connector 3 is supplied 
through the row of connectors consisting of the main 
connector 3 and the plurality of sub connectors 2 n to 2n 
to the circuit boards In the sensor bodies 1 (1b, 1a 1 to 
1 an) to which respective connectors are connected, and 
therefore it becomes unnecessary to connect a power 
feed line (power feed fines 9a, 9b of electric cord 9) to 
each sensor. Thus, the number of power feed Tines for 
the overall system can significantly be reduced. 
[0118] in addition, power feed through the electric 
cord 9 is effected through main connector 3. Therefore, 
sensor bodies having the common structure can be 
used as the sensor bodies 1 , regardless of whether the 
main connector or the sub connector Is to be connected 
thereto. Therefore, as compared with the conventional 
sensor system in which the power Is fed and received 
between the sensor bodies, the number of parts and 



steps of managing th parts can b reduced, resulting 
in reduced cost Further, there Is n distinction between 
the main and sub sensors, inventory management of 
th sensor bodies themselves is facilitated. 

5 [0119] Each connector 2, 3 is detachabty coupled to 
sensor body 1 . Therefore, when a sensor body falls as 
schematically shown by the reference character 1a 3 In 
the figure, It Is possible to simply exchange the failed 
sensor body ^a 3 , while maintaining the electric cord 83 

10 which has been connected to connector 2^. 

[0120] Further, if it Is made posstole to draw out the 
sensor body from the connector while maintaining cou- 
pling between neighboring connectors, then, it becomes 
possible, even when a sensor body is absent in the mid- 

15 die of the row of sensors, for example to exchange the 
sensor body as schematically represented by the refer- 
ence character A In the figure, to maintain power supply 
to the sensor bodies lag to 1an following the absent 
portion. 

so [0121] Further, as the neighboring connectors can 
be detachably coupled to each other, it becomes possi- 
ble to increase/decrease the number of sensors to be 
arranged. 

[01 22] Though detailed description Is not given as it 
25 is not directly related to the present invention, it is pos- 
sible by the sensor system in accordance with the 
present embodiment to perform optical communication 
between the sensor bodies through light emit- 
ting/receiving windows 11a and 1 1b shown in Figs. 1 to 
ao 4B. Therefore, in the present embodiment, by relaying a 
control output and analog output transmitted from each 
sensor body 1 to the neighboring sensor bodies one by 
one for transmission/reception, signal transmission from 
a dedicated communication unit arranged at an end of 
35 the row of sensors to the control device such as the PLC 
through a serial communication in collective manner is 
posstole. By this configuration, it becomes unnecessary 
to draw out an electric cord 8 (signal lines 8a, 8b) from 
each sensor, and therefore, the number of lines of the 
40 overall sensor system can further be reduced. 

[0123] Fig. 1 6 shows an example of the row of con- 
nectors having such a configuration. As shown in this 
figure, an electric cord 9 is drawn out from the main con- 
nector 3 positioned at the left end of the row of connec- 
ts tors. From the plurality of sub connectors 2, however, 
there is not any electric cord drawn out More specifi- 
cally, the sub connectors 2 are each used as a simple 
power feeding connector. 

[0124] Although the present Invention has been 
50 descrtoed and illustrated in detail, It Is clearly under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended darns. 
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Claims 

1 . A sensor system, compring: 
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a plurality of sensor bodies (1) arranged 
aligned and in contact with each other, and a 
plurality of connectors (2, 3) which can be a 
detachabty coupled to the sensor bodies 
respectively and to neighboring ones of the 5 
connectors with each other; wherein 
said plurality of connectors Include at least one 
main connector (3) and one or two or more sub 
connectors (2); 

each of said sensor body Is provided with a w 
joint (13) corresponding to a connector Includ- 
ing a power receiving terminal (1 4b) for receiv- 
Ing, from the connector, a power to an Internal 
electric circuit; 

said main connector Includes is 
a joint (34) for a sensor body Including a power 
feed terminal for feeding power to an internal 
electric circuit of said sensor body, 
a joint (33) for a neighboring connector includ- 
ing a power feed terminal for feeding power to 20 
a neighboring connector, 
an electric cord Inlet (303) for drawing In an 
electric cord (9) including a power feed line Into 
said connector, and 

an internal conductor (35a, 35b, 35c, 35d) for 25 
conducting the power fed through said electric 
cord to the power feed terminal Included in said 4, 
joint for the sensor body and to the power feed 
terminal included In said Joint for the neighbor- 
ing connector, inside the main connector; 30 
said sub connector includes 
a joint (24) for a sensor body, including a power 
feed terminal for feeding power to the internal 5. 
electric circuit of said sensor body, 
a joint (22) for a first neighboring connector, as 
including a power receiving terminal for receiv- 
ing power from one neighboring connector, 
a joint (23) for a second neighboring connector, 
including a power feed terminal for feeding 
power to the other neighboring connector, and 40 
an internal conductor (25a, 25b, 25c, 25d) for 
conducting the power received through the 
power receiving terminal Included in said joint 
for the first neighboring connector, to the power 
feed terminal Included In said Joint for the sen- 45 
sor body and to the power feed terminal 
included in said joint for the second neighbor- 
ing connector, inside the sub connector; and 
by coupling an arbitrary number of said sub 
connectors adjacent to said main connector, so 
power fed to said main connector through said 
electric cord is distributed to each of said sen- 
sor bodies through a row of the connectors. 

The sensor system according to claim 1, wherein ss 
said Joint (33) for the neighboring connector of said 
main connector (3) Is provided only on one side sur- 
face and, and no Joint exist on the other side sur- 



face. 

The sensor system according to claim 1, wherein a 
connecting structure for establishing mechanical 
and electrical connections with a neighboring con- 
nector is provided at said joint (33) for the neighbor- 
ing connector of said main connector (3), said joint 
(22) for the first neighboring connector and said 
joint (23) for the second neighboring connector of 
sakt sub connector; 

the connecting structure of said Joint for the first 
neighboring connector of said sub connector 
has a projecting portion protruding toward a 
connector neighboring said joint corresponding 
to the first neighboring connector; and 
the connecting structure of said joint for the 
neighboring connector of said main connector 
and the connecting structure of said Joint for the 
second neighboring connector of said sub con- 
nector each have a recessed portion receiving 
the projecting portion of the connector neigh- 
boring the Joint, and is free of any projecting 
portion protruding toward a neighboring con- 
nector. 

The sensor system according to claim 1, wherein 
said sensor body (1) Is a sensor body of a head 
separation type sensor including a fiber type photo- 
electric sensor, an ultrasonic sensor and a proxim- 
ity sensor. 

A connector system Including a plurality of connec- 
tors (2, 3) that can be detachabfy coupled to neigh- 
boring ones in an aligned row, and each can be 
detachabry coupled to a sensor body (1) along a 
longitudinal direction, wherein 

said plurality of connectors Include at least one 
main connector (3) and one or two or more sub 
connectors (2); 
said main connector includes 
a Joint (34) for a sensor body Including a power 
feed terminal for feeding power to an Internal 
electric circuit of said sensor body, 
a Joint (33) for a neighboring connector Includ- 
ing a power feed terminal for feeding power to 
a neighboring connector, 
an electric cord Inlet (303) for drawing in an 
electric cord (9) including a power feed line into 
said connector, and 

an internal conductor (35a, 35b, 35c, 35d) for 
conducting the power fed through said electric 
cord to the power feed terminal Included in said 
Joint for the sensor body and to the power feed 
terminal included In said joint for the neighbor- 
ing connector, Inside the main connector; 
said sub connector includes 



12 



23 



EP 1 096 608 A2 



24 



a Joint (24) for a sensor body, including a power 
feed t rmlnal for feeding power to the internal 
electric circuit of said sensor body, 
a joint (22) for a first n ighboring connector, 
including a power receiving terminal for receiv- 5 
ing power from one neighboring connector, 
a Joint (23) for a second neighboring connector, 
Including a power feed terminal for feeding 
power to the other neighboring connector, and 
an internal conductor (25a, 25b, 25c, 25d) for to 
conducting the power received through the 
power receiving terminal included in said Joint 
for the first neighboring connector, to the power 
feed terminal Included in said Joint for the sen- 
sor body and to the power feed terminal is 
included in said Joint for the second neighbor- 
ing connector, Inside the sub connector; and 
by coupling an arbitrary number of said sub 
connectors adjacent to said main connector, 
the power supplied to said main connector 20 
through said electric cord is distributed to said 
Joint for the sensor body of each of said main 
and sub connectors. 

6. The connector system according to claim 5, 25 
wherein 

said electric cord (9) introduced to said main 
connector (3) includes, In addition to the power 
feed line, one or two or more signal fines, said 30 
Joint (34) for the sensor body of said main con- 
nector includes a corresponding number of sig- 
nal terminals, and an internal conductor 
coupling respective ones of the signal lines of 
said electric cord to the corresponding signal 35 
terminals of said joint for the sensor body is 
provided in said main connector, and wherein 
said electric cord (8) including at least one sig- 
nal line is introduced to said sub connector (2), 
said Joint (24) for the sensor body of said sub 40 
connector includes a corresponding number of 
signal terminals, and an internal conductor 
(25a, 25c) coupling respective ones of the sig- 
nal lines of said electric cord to the correspond- 
ing signal terminals of the Joint of said sensor 45 
body is provided in said sub connector. 

7. The connector system according to claim 5, 
wherein 

50 

said Joint (33) for the neighboring connector of 
said main connector (3) is provided only on one 
side surface and, and no Joint exist on the other 
side surface. 
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The connector system according to claim 5, 
wherein 



a connecting structure for establishing 
mechanical and electrical connections with a 
neighboring connector Is provided at said Joint 
(33) forth n ighboring connector of said main 
connector (3). said Joint (22) for the first neigh- 
boring connector and said joint (23) for the sec- 
ond neighboring connector of said sub 
connector; . 

the connecting structure of said joint for the first 
neighboring connector of said sub connector 
has a projecting portion protrucfing toward a 
connector neighboring said joint for the first 
neighboring connector; and 
the connecting structure of said Joint for the 
neighboring connector of said main connector 
and the connecting structure of said Joint for the 
second neighboring connector of said sub con- 
nector each have a recessed portion receiving 
the projecting portion of the connector neigh- 
boring the joint, and is free of any projecting 
portion protruding toward a neighboring con- 
nector. 

9. The connector system according to claim 5, 
wherein 

said sensor body (1 ) Is a sensor body of a head 
separation type sensor Including a fiber type 
photoelectric sensor, an ultrasonic sensor and 
a proximity sensor. 

10. A main connector, having a connector body (3) that 
can be detachably coupled to one of a plurality of 
sensor bodies (1) arranged aligned and in contact 
with each other, said connector body including 

a Joint (34) for a sensor body including a power 
feed terminal for feeding power to an internal 
electric circuit of said sensor body, 
a joint for a neighboring connector Including a 
power feed terminal for feeding power to a 
neighboring connector, 

an electric cord inlet (303) for drawing in an 
electric cord Including a power feed line into 
said connector, and 

an internal conductor (35a, 35b, 35c, 35d) for 
conducting the power fed through said electric 
cord to the power feed terminal included in said 
Joint for the sensor body and to the power feed 
terminal included In said joint for the neighbor- 
ing connector, Inside the main connector. 

1 1 . The main connector according to claim 1 0, wherein 

said electric cord (9) introduced to said main 
connector (3) Includes, In addition to the power 
feed line, one or two or more signal lines, said 
joint (34) for the sensor body of said connector 
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body Includes a corresponding number of sig- 
nal terminals, and an Int mal conductor (35a, 
35c) couprmg respective nes of the signal 
Bnes of said electric cord to the corresponding 
signal terminals of said Joint for the sensor 5 
body is provided in said connector body. 

1 2. The main connector according to claim 1 0, wherein 

said joint (33) for the neighboring connector of fa 
said connector body (3) is provided only on one 
side surface and, and no joint exist on the other 
side surface, 

1 3- The main connector according to claim 1 0, wherein is 



a connecting structure for establishing 
mechanical and electrical connections with a 
neighboring connector is provided at said joint 
(33) for the neighboring connector of said con- 
nector body (3); and 

the connecting structure has a recessed por- 
tion receiving a projecting portion of a neigh- 
boring connector, and is free of any projecting 
portion protruding toward a neighboring con- 
nector. 

1 4. The main connector according to claim 1 0, wherein 

said sensor body (1 ) is a sensor body of a head 
separation type sensor inclucfing a ffoer type 
photoelectric sensor, an ultrasonic sensor and 
a proximity sensor. 

A sub connector, having a connector body (2) that 
can be detachabfy coupled to one of a plurality of 
sensor bodies (1 ) arranged aligned and adjacent to 
each other, 

said connector body including 
a joint (24) for a sensor body, Including a power 
feed terminal for feeding power to the internal 
electric circuit of said sensor body, 
a Joint (22) for a first neighboring connector, 
Including a power receiving terminal for receiv- 
ing power from one neighboring connector, 
a joint (23) for a second neighboring connector, 
including a power feed terminal for feeding 
power to the other neighboring connector, and 
an Internal conductor (25a, 25b, 25c, 25d) for 
conducting the power received through the 
power receiving terminal included in said joint 
for the first neighboring connector, to the power 
feed terminal included in said joint for the sen- 
sor body and to the power feed terminal 
included In said joint for the second neighbor- 
ing connector, inside the sub connector. 



16. The sub connector according to damn 15, wherein 

an electric cord (8) including at least one signal 
fin is introduced t said connector body (2), 
said Joint (24) for the sensor body of said con- 
nector body Includes a corresponding number 
of signal terminals, and an Internal conductor 
(25a, 25c) coupling respective ones of the sig- 
nal Tines of said electric cord to the correspond- 
ing signal terminals of the joint of said sensor 
body Is provided In said connector body. 

17. The sub connector according to claim 15, wherein 



a connecting structure for 
mechanical and electrical connections with a 
neighboring connector is provided at said Joint 
(22) for the first neighboring connector and said 
Joint (23) for the second neighboring connec- 
tor; 

the connecting structure of said Joint for the first 
neighboring connector has a projecting portion 
protruding toward a connector neighboring said 
Joint for the first neighboring connector; and 

25 the connecting structure of said Joint for the 

second neighboring connector has a recessed 
portion receiving the projecting portion of a 
neighboring connector, and Is free of any pro- 
jecting portion protruding toward a neighboring 

30 connector. 

18. The sub connector according to claim 15, wherein 

said sensor body (1 ) is a sensor body of a head 
35 separation type sensor Including a fiber type 

photoelectric sensor, an ultrasonic sensor and 
a proximity sensor. 

f 19^ A sensor system, Including a plurality of sensor 
40 ' bodies (1) arranged aligned and adjacent to each 
other, each of said sensor bodies having an electric 
cord including at least a signal line connected via a 
connector (2, 3); wherein 

45 said sensor body and said connector are 

detachabfy coupled; 

each of said connector is provided with a power 
feed terminal for said sensor body and a 
detachable fitting for electrically connecting 

so power feed terminals to each other is provided 

between the connectors; and 
the power supplied to the connector of any of 
said sensor body through the power supply line 
in the electric cord is distributed to the power 

55 feed terminal of another said sensor body 

through a row of connectors.. 

2a The sensor system according to claim 1 9, wherein 
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said sensor body (1) Is a sensor body of a head 
separation type sensor Including a ftoer type 
photoelectric sensor, an ultrasonic sensor and 
a proximity sensor. 
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